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 vii 
 
This thesis examines the condition of the “Curtain Dress” of Gone With the Wind (GWTW) with 
the purpose of advising a conservation plan that would allow its exhibit in 2014 as part of the 
75th anniversary of the movie. The dress has been stored since 1981 in the Harry Ransom Center 
(HRC) at the University of Texas at Austin as part of the David O. Selznick (DOS) Collection. 
The project addresses the book, the film, the creation of the dress, and what happened to it after 
filming was over. A collaborative team was formed including HRC staff, a conservator, and 
graduate students from the Textiles and Apparel Division at the University of Texas at Austin.  
The author of this study provided historical context, document analysis, construction evaluation, 
and fiber testing. A timeline for the book, film, and garment was established; communications 
from Selznick referencing the dress were analyzed; construction details were photographed and 
documented for reference; and colorimetry and spectroscopy techniques were used for fiber 
analysis.  
Keywords: Curtain Dress, Gone With the Wind, David O. Selznick, fiber analysis, textile 
conservation, colorimetry, spectroscopy,  
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 1 
Introduction 
 
I don’t think it was my best work or even the biggest thing I did… 
But that picture, of course, will go on forever, and that green dress, 
because it makes a story point, is probably the most famous costume 
in the history of motion pictures. So I am very glad I did it.1 
 
 
One of the most recognized costumes in the history of film is the green Curtain 
Dress worn by Scarlett O’Hara in Gone With the Wind (GWTW).  It is a prime example 
of Americana and as such resonates for different people in different contexts (Brooks, 
2000). It arrived at the Harry Ransom Center (HRC) at the University of Texas at Austin 
in 1981 as part of the David O. Selznick (DOS) Collection, where the dress was stored 
for decades due to its fragility. In 2010 a campaign was started to prepare the dress 
(together with four other dresses worn by Vivien Leigh in the film: the wedding dress, the 
blue velvet peignoir, the ball gown, and the dressing gown) for an exhibit at the HRC in 
2014 to celebrate the 75th anniversary of the film. In a short amount of time $30,000 was 
raised (Harry Ransom Center, 2010) and conservation could begin. 
In order to begin conservation planning, the dress was carefully analyzed by using 
traditional visual physical study combined with current analytical science techniques. 
                                                 
1 Walter Plunkett (Pratt, 1977) 
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Combining the two areas in the field of conservation is a fairly recent phenomenon, and 
is necessary to improve cooperation between the fields of conservation and modern 
science “while improving standards of scholarship.” (Brooks, 2000). Not only does this 
cooperation help in understanding our cultural heritage, it can give information about the 
condition of the dress, potential sources of degradation, and other damage.  This 
information can influence and inform treatment plans, storage choices, and exhibit 
options (France, 2004) so that the dress can be preserved for as long as possible. 
There was enough background on the history of the dress to get an idea of what 
might have happened after filming; information not often found when researching a 
textile artifact. The DOS Collection contains a treasure trove of information on the 
filming of GWTW and the Curtain Dress. However, these archives have not been fully 
analyzed and mysteries about the dress remain.  The objective of this project was to 
explore as many of these gaps as possible. 
The first step was an in-depth examination of the dress to document its original 
construction: possible alterations and where, and its overall condition. This was necessary 
to determine the strengths and weaknesses of the dress.  
Secondly, the dress was tested to quantify changes in color and determine whether 
there were any changes in fiber strength. The dress shows a random pattern of 
discoloration with color ranging from dark green to light orange and yellow shades. The 
discolored parts of the dress have the same hand as the parts that are not discolored. This 
is unusual, since discoloration tends to go together with chemical breakdown of fibers (in 
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this case cotton velveteen which is mostly made up of cellulose). This breakdown usually 
leads to loss of fiber strength, after which the fabric becomes brittle and can even turn to 
dust. 
In order to fill in the gaps about the dress (besides the back ground information 
that was available such as its provenance, designer, material, construction, and original 
appearance) additional information was obtained by using modern scientific techniques, 
such as non-destructive and non-invasive equipment to quantify color changes and to test 
for fiber disintegration. The nature of this research and the cooperation between the HRC, 
the conservator, and graduate students from the Textiles and Apparel Division of the 
University of Texas at Austin is a perfect example of collaboration between different 
fields of science. It also shows how modern scientific techniques can be applied to 
traditional methods so that the two can be merged and people in various fields can learn 
from one another. 
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Chapter 1: Background 
 
Non sum qualis eram bonae sub regno Cynarae 
I have forgot much, Cynara! gone with the wind, 
Flung roses, roses riotously with the throng, 
Dancing, to put thy pale, lost lilies out of mind; 
But I was desolate and sick of an old passion, 
   Yea, all the time, because the dance was long: 
I have been faithful to thee, Cynara! in my fashion.2 
 
1.1. THE BOOK 
On June 30, 1936, the book GWTW was published and swept the nation. Despite 
its length (1,037 pages) it was a Book-of-the-Month Club Selection for July and won 
both the National Book Award for Most Distinguished Novel of 1936  (Brown, 2011) and 
the Pulitzer Prize for Fiction in 1937. It sold 50,000 copies in one day, a million in six 
months and two million in a year (Bargainnier, 1981).  
The author of the book was Margaret Mitchell (or Peggy Marsh as she was known 
to her friends). Born in 1900 in Atlanta, GA, she grew up listening to older relatives and 
friends’ stories of the Old South and of Atlanta’s fall to General Sherman’s forces in 
1864 (Bargainnier, 1981; Rouse, 1978). In 1922 Mitchell became a newspaper woman 
                                                 
2 Ernest C. Dowson, Cynara 
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for the Atlanta Journal until an ankle injury forced her to resign and stay home. Tired of 
bringing her armloads of books from the library, her husband John finally despaired and 
said, “For God’s sake, Peggy, can’t you write a book instead of reading thousands of 
them?” (Oliphant, 1945).  This was the beginning of a novel about the Old South. 
The protagonist in GWTW is Scarlett O’Hara, the daughter of Irish immigrant 
Gerald O’Hara and his wife Ellen O’Hara, who live on a large cotton plantation (Tara) in 
rural Georgia. After the Civil War, Scarlett has to pay an extra $300 in taxes levied by the 
Reconstructionists. She decides to visit Rhett Butler and try to borrow money from him, 
but bemoans her post-war wardrobe: “I won’t go to him like a beggar.” (Mitchell, 1936). 
In desperation, she has her maid Mammy make a gown from her mother’s curtains (or 
portières) to visit Rhett Butler and borrow the $300. This dress has become an iconic 
symbol of GWTW and is the subject of this thesis.  
1.2 THE FILM 
In July of 1936 Selznick International Productions, Inc. (SIP) bought the rights to 
the film for the then unprecedented sum of $50,000. Because the price was thought 
exorbitant, the purchase was referred to as “Selznick’s Folly.” When Mitchell’s request 
for script approval was denied, the author made it clear that she wanted no part in the 
filming of the movie: not with the writing of the script, advising, choice of actors, etc. 
Although this condition was accepted by Selznick and his associates, they did at various 
times try to apply pressure to make Mitchell change her mind, but she was adamant about 
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her decision, stating that when she sold the rights for the movie she sold them “lock, 
stock, and barrel.” (Brown, 2011).  
1.3 THE COSTUMES 
 Because of the popularity of the book and the expectation the public had for the 
film, Selznick wanted to stay as close to the story line as possible. Mitchell herself had 
put in countless hours to verify every little detail, not just the historical facts but also 
what clothes were worn and the shift in women’s dress before and after the Civil War. 
From experience Selznick knew how costumes could impact the success of a film.  He 
also wanted to make a film that would show the beauty of the costumes through color 
since he had been very pleased with the color value in his previous film The Garden of 
Eden with Marlene Dietrich. 
One problem in realizing his vision was the intransigence on the part of the 
Technicolor experts. SIP was contractually obligated to have Susan Kalmus, wife of 
Herbert Kalmus and part owner of the new Technicolor process, approve every frame 
(Bridges, 1989). Selznick thought the Technicolor experts should guide the directors of 
the movie and not impose their vision on the production of GWTW.  He lamented, “If we 
are not going to go in for lovely combinations of set and costume and really take 
advantage of the full variety of colors available to us, we might just as well have made 
the picture in black and white.”  (D.O. Selznick, personal communication, March 3, 
1939)3. Selznick got his way and the dress ended up a vivid shade of green on the screen. 
                                                 
3 All personal communications are from the Harry Ransom Center, The University of Texas at Austin 
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1.4 FILM STUDIOS AND WARDROBE DEPARTMENTS 
From the beginning of film making, producers and directors had a major influence 
on costuming in their films. Since studios were not in the habit of hiring costume 
designers, directors decided what costumes would be worn and actors and actresses often 
supplied their own clothes, or costumes were rented from theatre costume companies. 
The first major movie rental company was Western Costume Company, founded in 1912 
by L.L.  Burns. His company had a monopoly on costume rental until a former employee 
started United Costume Company (which later was bought out by Warner Brother 
Pictures), and when movie studios started hiring their own costume designers (Western 
Costume Company, n.d.).  Adolph Zukor, founder of Paramount Pictures, is credited with 
introducing the concept of film costume designer when he had the famous French 
couturier Paul Poiret design the costumes for Sarah Bernhardt in Queen Elizabeth in 1912 
(Landis, 2007).  
As studios increased in size, it became more economical to maintain in-house 
costume departments with skilled staff, research departments, and libraries (George, 
1986; Maeder, 1987) and a cottage industry developed. With the increase of inventory, 
costumes were often reused or repurposed for other films (Landis, 2007). The wardrobe 
departments consisted of sketchers, fitters, cutters, seamstresses, wardrobe supervisors, 
etc. During the 1920s, studios started hiring their own costume designers. Some famous 
names from that period are Adrian, Edith Head, Travis Banton, Howard Greer, and of 
course Walter Plunkett.  
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1.5 THE COSTUME DESIGNER: WALTER PLUNKETT 
Deborah Landis states in her book, “Directors are acutely aware that the costume 
expresses volumes to the audience before the actor speaks.” (Landis, 2007). This is 
especially true in period films, where a great part of the appeal lies in taking audiences 
back in time. Therefore a costume designer had to be found who could translate the 
costumes in the book to the screen while staying as close to the plot as possible. One of 
the costume designers considered for the job was Walter Plunkett. Born in 1902 in 
Oakland, CA, he had graduated as a pre-law student when he came to Hollywood to play 
as an extra in movies. He was asked to design for the dancer Ruth St. Denis and in 1926 
he was hired by Film Booking Offices of America (FBO or FBO Pictures Corporation) to 
rent clothes and make budget estimates. FBO would later become RKO (Radio-Keith-
Orpheum) Pictures where Plunkett worked from 1926-1930 and again from 1932-1935, 
after which he started free-lancing for various studios (Leese, 1991) until hired by 
Selznick in 1936 to design the costumes for GWTW.  
Plunkett was not the only designer considered by Selznick. Although he was 
considered “one of the nation’s foremost authorities on Dixie fashions of the Civil War 
period” (SIP, n.d.), other designers under consideration were Gladys Calthrop, Mabel 
Downs, Helene Ponds, Czettel, Muriel King (who came highly recommended by 
Margaret Mitchell after she had seen one of her sketches), and Adrian.  Plunkett was, 
however, signed by SIP on November  23, 1936, as “a researcher, a costume researcher, a 
costume designer, and in such other capacities as we may determine befit your 
capabilities, in connection with ‘Gone With The Wind.’” (George, 1986). 
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When filming of GWTW was delayed, Plunkett was assigned other movies until 
he was released from SIP’s payroll in 1937 until a future date for filming could be 
determined.  A year later he was hired back on, even though Selznick considered hiring 
another designer for Scarlett’s dresses since he was not impressed with Plunkett’s 
sketches (George, 1986).  On January 6, 1939, Selznick’s mind was made up when he 
received a telegram from his East Coast Representative, Katherine Brown. She wrote, 
“plunkett has come to life and turned in magnificent scarlett costumes so we won’t need 
anyone else.” (K. Brown, personal communication, January 6, 1939). Plunkett was signed 
on a non-exclusive basis for “four months research and design without compensation, 
$600 per week for eight weeks of preproduction and $750 per week during production.” 
(HRC, n.d.).  
1.6 RESEARCH AND BUDGET 
By then Plunkett had already done the research for the costumes. He was driven 
around Atlanta by Mitchell and afterwards visited Savannah, GA, where he was given 
samples of old fabrics for his research. Plunkett recounted how “one woman in 
Charleston even sent her children out to gather a box full of thorns from a tree native to 
that area because during the blockade days of the war, there were no metal pins and 
clothing was held together by these thorns.”  (Landis, 2007). In another instance Plunkett 
describes how he arrived at a house to visit a woman who had a trunk of period garment 
underpinnings and rang the doorbell “and there was a kind of scurrying around on the 
inside of the house, and I kept waiting and waiting, and finally she came out to the door 
and she said, "Oh! Mr. Plunkett, I'm so sorry! When I looked out and saw you here, you 
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were wearing a blue suit, and Mama's loose, and to Mama, any man in a blue suit is a 
damned Yankee, so I had to put her away!"” (Muendel, 1999).  
The estimated budget for the wardrobe was more than $80,000.  Fabric swatches 
were sent to a textile firm in Pennsylvania to be woven according to Plunkett’s 
specifications and approximately 35,000 yards of fabric were used just for the principal 
women’s costumes. Plunkett also hired “weavers to produce the homespun of the 
blockade period, ironmongers to solder the skirt hoops, milliners, shoemakers, and an old 
women was brought out of retirement who knew how to construct antebellum corsets.” 
(Phipps, 1983). Costumes that were not designed by Plunkett or made in the wardrobe 
department were rented from Western Costume Company, Loew’s/MGM (Metro-
Goldwyn-Mayer), RKO, and United Costume Company. By the time filming had ended, 
wardrobe cost had risen to $157,000. This did not just include the design and construction 
of the costumes, but also alterations and maintenance (which included daily cleaning). 
Plunkett remembered that “the laundry bill was more than $10,000. It got awfully dirty 
out there at the plantation.” (Landis, 2007). In total 2,868 costumes were used, not 
including the 1,239 confederate costumes that were rented (Bridges, 1989). 
1.7 AUTHENTICITY OF DESIGN 
Even though Plunkett was known for his accuracy and research for period 
costume, it was a battle between him, Edward Lambert (Wardrobe Supervisor), and 
Selznick over the right costumes for the film. While Selznick wanted the film to be as 
close to Mitchell’s book as possible, he also thought some of Scarlett’s costumes were 
 11 
not elaborate or colorful enough for the screen (George, 1986).  A press release from SIP 
stressed that the director of the movie, George Cukor, and the screen writer, Sidney 
Howard “are insistent on exact authenticity.” (SIP, n.d.). All involved eventually agreed 
on color, screen effect and design and the costumes - the Curtain Dress in particular - 
went on to become some of the most iconic dresses in American film history. 
Looking back at the design of the Curtain Dress through the eyes of today’s 
fashion historians, it is clear that the Curtain Dress is not representative of the 
Reconstruction Era (1865-1877). Maeder (1987) states that costume designers cannot be 
objective when creating items from previous periods because they are unintentionally 
influenced by contemporary styles. Such was the case with the Curtain Dress.  
Some of the differences between the 1860s representation and the dress design for 
the film in the 1930s can be observed in both the bodice and the skirt. The bodice of the 
Curtain Dress is more representative of the late Victorian Era (±1865-1910) than the 
Crinoline Period (±1850-1869). In the 1860s the necklines were flat and higher, as was 
described by Mitchell when Scarlett and the other women were putting the dress together: 
“Sueellen … produced her Irish-lace collar.” (Mitchell,  1936). The sleeves were wider 
and set low into the bodice. The emphasis was on the bosom and a cinched waist. The 
dresses or bodice and skirt combinations were heavily ornamented with ribbons, lace, 
soutache, etc. In contrast, the bodice of the curtain dress has a low neckline with a shirt 
collar. The sleeves are set in higher, are form fitting, and end in a V-point past the wrist 
and covering part of the hand. The V-pointed sleeve is a popular feature on wedding 
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dresses. The skirt of the Curtain Dress is more authentic. During the Crinoline Period the 
popularity of the voluminous bell shaped skirt diminished, and the “weight of the skirt 
(…) shifted backward and the appearance of a “flat-fronted” skirt emerged.” (Jarrett, 
2011). An illustration of a morning robe in Godey’s Lady’s Book of March 1865 shows 
an example of such a skirt with front panels and underskirt similar to the Curtain Dress 
(see Figure 1). The inaccuracies did not seem to bother the audiences, who were 
enraptured by Scarlett’s dresses. 
    
Figure 1: Godey’s Lady’s Book, March 1865
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Chapter 2: After the Filming 
 
The premiere of GWTW took place in Atlanta, GA, on December 15, 1939.  After 
four days of festivities there, the film premiered in New York on December 19, 1939, at 
two Broadway theaters, the Astor on Times Square and the Capitol ( Brown, 2011; Pratt, 
1977). The film was then released in Los Angeles on December 28, 1939, with another 
massive premiere. In January of 1940 GWTW opened in major cities across the U.S.  
2.1 EXPLOITATION 
The MGM Exploitation Division was in charge of publicity for GWTW. Back 
then the advertising and poster departments of movie studios provided theaters with 
posters and lobby cards, made suggestions for product tie-ins and contests, etc. This 
publicity effort was called exploitation ("Fundamentals of Film Advertising", 2012). 
One of MGM’s main tasks was organizing exploitation tours of the costumes and 
theater props in the U.S. and overseas. Caring for and keeping track of the costumes was 
an onerous job.  First the costumes had to be shipped from the studios in Culver City, 
CA, to Atlanta, GA, and after the festivities there they had to be forwarded to New York. 
SIP was responsible for the shipping to Atlanta after which it became MGM’s 
responsibility to send them to NY and nationwide.  
Selznick was worried though; in an Inter-Office Communication to Howard Dietz 
(MGM Director of Advertising) he voiced his concerns about the lack of organization for 
the studio material used for exploitation. “Maintenance, routing and care of the material 
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simply must be organized so that the material isn’t ruined in its first use; so that it can be 
used dozens and dozens of times; and so that it is returned to us in good condition.” (D.O. 
Selznick, personal communication, November 15, 1939). Selznick wanted someone from 
both SIP and MGM designated to be in charge of the costumes during exploitation.  
Production Manager Raymond Klune reiterated this to Brown, referring to earlier 
experiences with lending out costumes where SIP had “gotten back a bag of rags” after a 
single opening (R.A. Klune, personal communication, November 21, 1939). Selznick also 
wrote to Brown, saying he wanted to use the costumes “sparingly and separately, 
dividing them up so that each city has a few for exploitation purposes.” (D.O. Selznick, 
personal communication, November 21, 1939). Part of his reasoning was that having all 
costumes on display at any one place would rob the picture of its costume value; another 
part was the monetary value of the costumes. They had to be shipped and insured and 
properly taken care of. Also, each costume had to be dry cleaned before it was returned to 
the studios as mentioned in an agreement with the Atlanta Junior League when lending 
out costumes. Part of this agreement stated, “and further, that I will pay the $5.00 per 
costume for cleaning that is demanded under the California State Law. “ 
The misuse in handling the fragile costumes, the transportation, and the dry 
cleaning took its toll. In a telegram to Selznick, Brown remarked that “the constant 
cleaning is the thing most harmful to the costumes.” (Brown, personal communication, 
February 12, 1940).  By August 1941 the costumes were returned to SIP to be disposed 
of, either through gifts or repurposing. Selznick would later remark, “We are giving 
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Georgia and Atlanta all kinds of things and the few things that I would have like to have 
myself are not available. It is a pity I didn’t think of asking somebody to give me 
something!” (D.O. Selznick, personal communication, January 3, 1940). 
2.2 DISPOSAL OF COSTUMES 
The whereabouts of many costumes are unknown. Even though there is a great 
deal of documentation on the dress and the filming which provide us with more 
information than is usually the case with film costume from this period, the inventory 
lists that are part of the DOS Collection are not complete and do not describe what 
condition the costumes were in when they were returned to the studios.  As one article 
stated, “No safeguards were taken to preserve the costumes because during the years 
following the release of the film they were not so highly regarded as they are today.” 
(George, 1986).  A Ms. Virginia Davis from Chicago, IL, sent a letter requesting details 
about “the material, the amount required, the general design, what color, and on whom 
and when (sic) was worn.” She would also like to have them illustrated (Virginia Davis, 
personal communication, October 22, 1941). Selznick replied that most of the costumes 
had been “disposed of (to museums and otherwise) and, as well, the sketches of them, 
which gave detail as to type of material, amount, etc.”, and therefore he was unable to 
meet her request (D.O. Selznick, personal communication, November 17, 1941).  
2.3 WHAT HAPPENED TO THE DRESS? 
The information about what happened to the Curtain Dress is scanty. 
Correspondence shows that it was sent to Atlanta November 29, 1939, in preparation of 
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festivities planned by the Atlanta Junior League for the premiere of GWTW. It was sent 
to NY and LA for the premieres there after which it toured the U.S. Exactly to which 
cities it was sent and when is not known; so far few shipping invoices have been found. 
By February of 1940 it was decided to bring the costumes back to Culver City, 
CA, since the revenue of displaying them did not outweigh the cost (Brown, personal 
communication, February 12, 1940). There is a telegram, though, from Klune to Brown 
that stated, “have no objection to green dress being shipped to buenos aires and will make 
substitution for minneapolis if you want.” (Klune, personal communication, May 2, 
1940). Whether the dress was in fact shipped to Buenos Aires is unknown. 
 
2.4 POSSIBLE CAUSES OF DAMAGE TO THE DRESS 
By the time the Curtain Dress arrived in 1981 at the HRC as part of the DOS 
Collection it was severely discolored, with mechanical damage of the skirt. Possible 
causes may have bee 
2.4.1 Improper storage  
The costumes were locked in hotel rooms in Atlanta before the premiere (Brown, 
personal communication, November 29, 1939). They were packed in trunks and crates 
when traveling, most likely in crates made of wood that off gassed and could have caused 
stains and discoloration. Off gassing occurs when volatile organic compounds (VOCs) 
are emitted from solids or liquids such as furnishings, paints and varnishes (EPA, 2012). 
It is not known how long the dress was stored and where, or whether it was hung or 
folded. 
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2.4.2 Oxidation 
This is a reaction in which the molecule chain length of the cellulose polymer is 
shortened by carbonyl (aldehyde or ketone) chromophore groups that are generated by 
the hydroxyl groups on the molecules (Ringgaard, 2002). A chromophore is the part of 
the molecule that is responsible for its color. This process leads to discoloration and 
weakening of the fibers. 
2.4.3 Exposure to light 
Organic materials such as cotton (which is made out of cellulose) are vulnerable 
to light, UV and IR as well as visible light. It triggers a photochemical reaction that 
speeds up the process of oxidation and ultimately leads to a loss of fiber strength 
(Boersma, Brokerhof, Van den Berg & Tegelaers, 2007; Ritzenthaler, 2010). 
2.4.4 Excessive handling 
During filming the dress was handled frequently; it was sent from city to city, put 
on mannequins, taken off again and repacked by people not used to taking care of 
textiles. All this time dust and soil particles collected on the dress through the 
environment, perspiration, skin cells, food, and make up residues. Again, this makes 
fibers more susceptible to chemical deterioration (Sykas, 1987). 
2.4.5 Dry cleaning 
Under California State Law, the dress had to be dry cleaned every time it was 
returned to California. The dry cleaning process uses organic and chemical solvents to 
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break up and remove soils. Furthermore, it involves mechanical action, additives for 
surfactants, limited moisture, rinsing, and drying, which lead to fiber loss (Rice, 1967).  
2.4.6 Spraying with Sudol  
Near the inside of the waistband of the skirt is a label which is sewn in that says 
“Sprayed with Sudol.” Why, when, and where it was sprayed is a mystery. Sudol’s 
chemical name is dimethyl phenol. It is similar to Lysol; in the 1960s it was frequently 
used as disinfectant to clean plastic mop heads used on hospital floors (Leigh & 
Whittaker, 1967). This product most certainly would have had a negative impact on the 
chemical composition of the fibers. 
 All of the factors mentioned above contribute to the mysteries surrounding the 
dress. It is hard to determine what exactly happened to the dress, and when and where. 
Despite the fact that there is a lot of correspondence in the DOS Collection about the 
dress and other costumes, there are still many gaps that need to be filled. Traditional 
analysis combined with current available scientific research methods such as described in 
the next chapters may assist in determining what can be learned from the dress. 
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Chapter 3: Conservation 
 
The conservation of the green Curtain Dress from GWTW involves the cultural 
history of film and an icon of Americana. Its conservation is a prime example of how 
different disciplines can collaborate in order to obtain an optimal (preventive) 
conservation and exhibition plan to meet professional standards in every way. By 
discussing the history of textile conservation, methods of traditional and modern 
conservation techniques, and the need for merging these techniques, current possibilities 
in conservation planning can be explored.  
3.1 TERMINOLOGY 
It is important to define the differences between restoration, conservation, and 
preventive conservation.  
3.1.1 Restoration 
The aim of restoration is to return an object to its original state or function as 
much as possible. The disadvantage is that often the item can no longer be used as 
originally intended and/or original work or materials may be permanently lost. Most 
often, the changes made are not reversible.  
3.1.2 Conservation 
Conservation is concerned with “all measures and actions aimed at safeguarding 
tangible cultural heritage while ensuring its accessibility to present and future 
generations” (International Council of Museums – Committee for Conservation, n.d.). Its 
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aim is to determine what is original about the object and to make only those changes that 
can be reversed at a future date when more advanced information becomes available with 
respect to conservation of the object.  
3.1.3 Preventive conservation 
Preventive conservation is closely related to conservation. The European 
Committee for Standardization (CEN) describes it as the “indirect measures and actions 
aimed at avoiding and minimizing future deterioration, damage and loss of value.” (van 
der Burg, 2010). Boersma (2007) describes it as any treatment of an object to “create an 
optimum environment for storing and exhibiting objects, serving to avoid or delay the 
natural degradation of objects.” As stated before, conservation and preventive 
conservation are closely related: a comprehensive plan for conservation should include a 
preventive conservation plan to avoid further deterioration of an object so it can be 
preserved as long as possible.  
3.2 HISTORY OF CONSERVATION 
While textile restoration has long been established in Europe (with its heritage of 
ecclesiastical textiles, tapestries, draperies, upholstery, etc.), restoration in the United 
States did not start until the late1800s/early 1900s with the treatment of flags. Before this, 
textiles were either repaired in the home, or restoration work was done by skilled dress 
makers. The restoration of flags was traditionally carried out by embroiderers. One of the 
most well-known restorers was Mrs. Amelia Bold-Fowler (1862-1923) who was hired by 
the State House in Boston, MA, and later by the U.S. Naval Academy in Annapolis, MD. 
To restore flags for the U.S. Naval Academy, she hired and supervised the work of 40 
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needlewomen who restored 172 flags in one year. Her most famous project was the 
treatment of the Star Spangled Banner (Trupin, 2011). 
Around the same time that restoration became a subject of interest, Harvey 
Elledge and Alice Wakefield, Industrial Fellows of the Mellon Institute of Industrial 
Research of the University of Pittsburgh, wrote a book called The Conservation of 
Textiles. It was published in 1921 by the Laundryowners National Association in La 
Salle, IL. The foreword of the book emphasized the need for laundry owners to know 
about the subject of textile conservation. The book is an in-depth study of the different 
kinds of fibers, weaves, chemical treatments, dry cleaning laws, etc. It states that 
“Science is not something to be afraid of or ridiculed or classed as “high-brow stuff”.” 
(Elledge & Wakefield, 1921). It is an early example of realizing the need for combining 
traditional conservation methods with newer, scientific ones.   
3.3 FROM RESTORATION TO CONSERVATION 
The shift from restoration to conservation did not happen until after World War II, 
when many textiles (and other artifacts) in Europe were found to be in a deplorable state. 
Darning and sewing were no longer considered solutions to stop the degradation of 
textiles and the conservators’ profession developed together with training programs and 
(international) exchange of information.  According to Mary Brooks (2000), a leading 
authority in the field of conservation, this new approach to textile conservation started 
with the 1964 Delft Conference on the Conservation of Textiles. Conference papers were 
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published that emphasized the need for better knowledge of the chemical and physical 
properties of fibers and the effects of certain treatments.  
Some conservators were reluctant to use new techniques. In the article Dangerous 
Methods for the Conservation of Textiles the author urged caution when using chemical 
treatments for textile conservation and emphasized that they should only be used 
alongside manual methods (Geijer, 1961). By the 1990s many technical advances had 
been made and the practical experience of conservators broadened. From the 1990s until 
the present, technology has accelerated even more and with it the development of non-
invasive and non-destructive analysis of textiles.  
3.4 TEXTILE ANALYSIS 
Textile analysis is often the first step for preparing a (preventive) conservation 
plan. Originally this was done through visual observation and – if possible – through 
touch, and the use of photography and microscopy. Often, however, there was no other 
way to analyze the textile than to pull out some threads or – worst case scenario – cut out 
a small piece of fabric. It was sometimes also hard to move a textile or to position in such 
a way that it was possible to run any tests. Now there are many different non-invasive 
and non-destructive techniques available that can be used for on-site analysis. This 
section discusses some of the methods currently in use but is by means no exhaustive.  
3.4.1 Optical and digital microscopy 
The most basic form of microscopy is optical microscopy. It shows a magnified 
view of a sample by passing visible light through a lens. A more advanced version is the 
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digital microscope which uses a camera to capture an image and then shows it on a 
computer screen.  Natural fibers have different characteristics that are easy to detect with 
the help of photomicrographs in cross-sectional view or longitudinal view. Microscopy is 
also the cheapest way of identifying fibers, but requires a small piece of fiber or fabric 
which may be problematic when testing needs to be done on antique and/or fragile 
textiles. The advantages are ease of use and the availability of microscopes in a wide 
range of models and prices.   
3.4.2 Scanning Electron Microscopy (SEM) 
Scanning Electron Microscopy (SEM) magnifies up to 10,000 times and gives 
insights into the fiber fracture morphology of a textile. It uses electrons instead of light 
(Purdue University, 2012). For example, this technique was used to distinguish wool, 
camel and goat hair fiber found in Romano-Egyptian textiles excavated at Karanis in 
Egypt (Batcheller, 2005). It can also be used to study large areas of a textile and can 
indicate whether there are signs of agents of deterioration present such as oxidation, light 
and relative humidity (RH) (France, 2004). It is non-portable, expensive, and needs 
expertise to operate and interpret the results. 
3.4.3 X-radiography 
This technique is also used for analyzing and understanding textiles, especially 
when it comes to in-depth study of areas that are sometimes not visible by the human eye 
such as seams, stitching threads, unseen repairs, and structural supports (Brooks & 
O’Connor, 2005; Yoder, 2008). It has been used to study flat textiles such as tapestries, 
or the boning and stitching in objects of clothing such as stomachers (triangular panels 
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that were used to cover the front of a gown). The technique is non-destructive and 
relatively inexpensive. A drawback is that conservators frequently lack the basic skills to 
take high quality images and interpret them correctly (O’Connor & Brooks, 2007). 
3.4.4 Colorimetry 
Colorimetry measures the reflective colors of surfaces. The most commonly used 
system is CIELAB Color Space; it has a brightness parameter L* and two rectangular 
color coordinates a* and b* which represent red/green and blue/yellow respectively. By 
measuring different areas of a textile, loss of color can be determined (for example a shift 
from green to red or blue to yellow). This can be important when trying to determine 
whether there is any loss of tensile strength or how long the object can be exposed to 
light when exhibited. The colorimeter used for testing the Curtain Dress (the Minolta CR-
300) is portable, easy to use and the results are easy to interpret.  
3.4.5 Spectroscopy 
Spectroscopy is a technique that can help identify and/or determine some of the 
chemical, physical, or morphological properties of certain materials such as fabrics. It 
works by transmitting a beam through a sample; this beam is partially absorbed and 
reflected by the material. The beam received by the spectrometer gives the sample 
information, which may lead to the identification of specific elements that are present in 
the material or revealing changes in its chemical structure. It is a powerful tool for 
analyzing and quantifying material deterioration. 
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3.4.5.1 NIR spectroscopy 
Since NIR wavelengths lie between visible and infrared (IR) wavelengths they do 
not reflect individual molecular vibrations, but instead record overlapping absorption 
bands (Brenchley, Höerchner, & Kalivas, 1997) of chemical groups that are found in a 
material. They are a good indicator of changes in chemical properties. NIR spectrometers 
are portable and non-destructive and give quick results. However, interpretation of the 
results needs expertise. This technique was used to analyze the Curtain Dress to try and 
determine whether there have been any changes in the properties of the fabric.  
3.4.5.2 Fourier Transform Infra-Red spectroscopy (FT-IR) 
In this widely used method IR radiation is passed through a sample where part of 
it is absorbed and another part is transmitted. The result shows a well-defined molecular 
fingerprint that can give information about the integrity of the sample or any unknown 
substances (Thermo Nicolet, 2001). 
 
As mentioned before, this is only a short list of possible methods for non-
destructive and non-invasive analysis and is by no means exhaustive. Methods of analysis 
such as chromatograpy and mass-spectrometry – which are often used in the analysis of 
dyes and other finishes - fall outside the scope of this thesis and have therefore not been 
included.  
3.5 COOPERATION 
A gap has grown between traditional conservation methods and the scientific 
analysis of textiles, along with the development of techniques for non-invasive and non-
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destructive study of textiles. Unfortunately, there is a lack of cooperation (often 
unintentional) between experts in the historical and scientific fields (Cybulska, Jedraszek-
Bomba, Kuberski, & Wrzosek, 2008). There is a need for each side to learn from each 
other: scientists need to become technical historians and “curators and historians need to 
learn some of the general principles of the scientific techniques employed.” (Smith, 
2000). 
An obstacle is the fact that expertise for scientific analysis can take years to build 
and the investments that need to be made to purchase equipment and hire staff can be 
prohibitive (Smith, 2000). As a result, equipment and expertise tend to be concentrated in 
universities or national museums, such as The Getty Conservation Institute or The 
Smithsonian. The challenge is to expand the working relationship across different areas 
of study so each can learn from one another. 
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Chapter 4: Construction of the Curtain Dress 
 
As described earlier in this thesis the heroine, Scarlett O’Hara, has a dress made 
from “Miss Ellen’s portières” – under protest from Mammy, her maid – to try and raise 
$300 in Atlanta to pay taxes on Tara, the O’Hara family home. The script by Sidney 
Howard goes as follows:  
Scarlett: I'm not pretty enough! I’m thin! I am so thin! 
Mammy [entering]: Yas’m, Miss Scarlett? 
Scarlett has turned to the window, where the long green portières are still 
hanging. She takes them in her two hands and pulls them open to examine them. 
She holds them against her. 
Scarlett: I’d forgotten these portières were this shade of green. 
Mammy: Yass’m, dey’s green, Miss Scarlett. Dey allus wuz green. 
Scarlett: Go up to my room and bring me down that green bonnet Captain Butler 
gave me years ago in Atlanta. And bring down Ma’s old box of dress patterns, 
too. 
Mammy: Whut do you wan’ wid dress patt’runs, Miss Scarlett? 
Scarlett: I’ve got to have a new dress. 
Mammy: You don’t need no new dress! Ain’ no other ladies got new dresses. 
Dey weahs dey ole ones an’ dey weahs dem proudfully! Ain’ no reason why Miss 
Ellen’s chile kain’ weah rags effen she wants ter, an’ eve’body respec’ her lak she 
wo’ silk. An’ whut we got lef’ ter mek a new dress outer? 
Scarlett jerks the portières down, pole and all. Mammy cries out. 
Mammy: Whut you up ter wid Miss Ellen’s po’teers? 
Scarlett: You’re going to make my new dress out of them! 
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Mammy [She is horrified.]: Not outer Miss Ellen’s po’teers! Not w’ile Ah’s got 
breaf in mah body! 
Scarlett becomes metallic as a steel anvil.  
Scarlett: They’re my portières now! I’m going to get me three hundred dollars in 
Atlanta! And I’ve got to go looking like a queen!   
  
Since the dress had not been exhibited since its arrival at the HRC due to its 
fragile condition, it was necessary to thoroughly analyze its construction to prepare a 
comprehensive conservation plan. Although it is referred to as a dress, the garment really 
consists of two parts: 
1. A waist length tailored bodice with fitted sleeves and a capelet attached to the left 
shoulder with a green and gold silk twisted drapery cord which circles the 
armhole. 
2. A voluminous skirt made out of a total of five panels, gathered at the waist, with 
two asymmetrical front panels that divide to reveal a chartreuse underskirt. The 
skirt is attached to a green cotton lawn sleeveless shell which is completely 
covered by the bodice when worn.  
Note: The hat worn with the ‘curtain dress’ was designed by milliner John Frederics of 
New York and is not part of the DOS Collection. 
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4.1 DESCRIPTION OF DRESS 
4.1.1 Bodice 
The collar of the bodice is unstructured with a separate stand. The top part of the 
collar – above the stand – is cut on the bias and has a prick stitch around the edge. 
The bodice has a close-fitted cut accomplished by armhole princess style lines and 
darts (see Figure 2). It has a concealed front fastening of hooks and eyes (10 hooks on 
proper right (PR) facing and 10 eyes on proper left (PL) facing), all of which are neatly 
attached with the original green thread that was used for the handiwork. The hooks and 
eyes are original. The two-piece tailored, fitted sleeves taper into a wrist point. Each 
sleeve has a placket with six black snaps (also original). The underside of the placket has 
a very light green silk tape hand sewn on as a support for the bottom snaps. All seams are 
machine stitched. 
 
Figure 2: Bodice exterior 
David O. Selznick Collection 
Harry Ransom Center 
The University of Texas at Austin 
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The interior of the bodice (see Figure 3) is flat lined with the same green cotton 
lawn that was used for the shell that supports the skirt. Flat lining is a technique used to 
make a garment more tailored, give it support, and make it last longer. The vertical seams 
are pressed open and pinked; some are clipped to make the curves of the princess seams 
lay flat and follow the contours of the body.   Atop these seams are 13 pieces of cased 
boning in different lengths to lend the bodice support. The boning is attached with a “cat” 
stitch  (sometimes called a “brier” stitch) in alternating thread of black and green.  
 
Figure 3: Bodice interior 
 
The seams around the armholes and inside the sleeves are left unfinished. The 
hem is also unfinished and has 14 black hooks on the folded edge which attach to the 
eyes on the waist of the dress. All of the hooks, except one, are original.  
The capelet consists of two semi-circular pieces of fabric sewn together and is 
incorporated into the left sleeve cap seam (see Figure 2). Draped over the left shoulder 
seam is a green and gold silk twisted drapery cord which is attached by hand underneath 
David O. Selznick Collection 
Harry Ransom Center 
The University of Texas at Austin 
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the armhole with a heavy black thread. The capelet is lined with a green cotton fabric that 
is stitched through by machine, giving the lining a chevron effect (see Figure 4). The 
lines are perfectly mitered.  
 
Figure 4: Capelet interior 
David O. Selznick Collection 
Harry Ransom Center 
The University of Texas at Austin 
 
4.1.2 Shell  
The sleeveless shell attached to the skirt is made of the same green cotton lawn 
that is used as flat lining for the bodice. It is sleeveless, close-fitted with princess style 
lines from the shoulders and sewn-in hook-and-eye tape that closes in the center back 
(CB). The armholes and V-neck are bound with fabric tape, while the vertical seams on 
the inside are pinked. Both the bottom of the bodice and the top of the skirt are 
unfinished. They are machine stitched right sides together with the bodice pressed 
upwards. Atop of this is a grosgrain ribbon which is machine and hand stitched with 
different threads. 
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4.1.3 Skirt 
The skirt consists of two softly angled, asymmetrical panels in front and three 
panels in the back. The front panels overlap and part 17” below the waist to reveal a 
chartreuse skirt. The chartreuse underskirt has three godets attached (two PR, one PL) 
which cannot be seen from the outside. A godet is a triangular shaped piece of fabric that 
is added onto or placed between seams; for skirts usually to provide additional stride 
room (Armstrong, 1995).  
The panels of the skirt are gathered around the waist and the center panel in the 
back of the skirt has an opening that closes with four black snaps. The chartreuse skirt 
underneath cannot be seen at waist level but is sewn on straight with two pleats on either 
side. 
 14 ½” from the waist down on the PL side there is a label sewn on by hand that 
says ‘sprayed with Sudol’ (see Figure 5). Sudol is a trade name for dimethyl phenol 
(National Library of Medicine, 2003), a product similar to Lysol that is used as a 
disinfectant, for example to clean hospital floors. Why and when the dress was treated is 
not known at this point. 
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Figure 5: Label inside of back opening of skirt 
David O. Selznick Collection 
Harry Ransom Center 
The University of Texas at Austin 
 
The insides of the PR and PL panels have a facing that is attached with a running 
stich to a black linen lining. The back panels have no lining. The vertical seams of the 
skirt are left unfinished and have rolled inwards. The hemline is also unfinished and is 
attached with a hemming stitch with black thread.  In the center front (CF) of the 
grosgrain ribbon is a small label that reads:  
SELZNICK INT. PICTURES INC. 
NAME VIVIEN LEIGH 
NO. CHG #16 -   #2 – DRESS 
 
(See Figure 6) 
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Figure 6: Label inside of waist 
David O. Selznick Collection 
Harry Ransom Center 
The University of Texas at Austin 
 
4.2 CURRENT CONDITION OF DRESS 
4.2.1 Bodice  
Overall the bodice is structurally sound and in good condition. On the inside the 
boning is still well attached with a “cat stitch”, except for the #9 boning that has some 
loose stitching on the ¾” from the top. Also, on the bottom of the bodice the #5 boning is 
sticking out 1” below the top of the hem while the #11 boning is sticking out ¼” past the 
bottom of the hem. The hem is unfinished and attached with a “catch stitch”. Some of the 
stitching is loose (2” from boning #1, 2 stitches over boning #8) and the thread from 
boning #8 to boning #9 has come undone (see Figure 7). 
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Figure 7: Boning inside of bodice 
David O. Selznick Collection 
Harry Ransom Center 
The University of Texas at Austin 
 
 
Around the bottom of the hem on the inside of the bodice there are 14 black hooks 
attached with black thread; they are irregularly spaced and sewn on at different heights. 
The number of hooks does not correspond with the number of eyes (11) on the skirt.  
The sleeves are in good condition, except for the top of the plackets which are 
fraying. They seem to have been previously repaired with a light green thread. The 
undersides of the bottom of the plackets are frayed about 1 ¼”. 
4.2.2 Shell and skirt  
The shell attached to the skirt shows perspiration stains. The stitching at the CF 
seam at the V-neck is broken (1/2”) and the fabric there is fraying. There are two small 
1 2   3      4          5      6      7        8      9      10      11  12 13 
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holes near the PL back of the shoulder seam. One of the hooks for the closure of the 
center back (CB) near the bottom of the shell is missing.  
The waist, where the lawn fabric of the bodice joins the velvet skirt, is completely 
compromised. It appears that the cotton lawn bodice was not strong enough to support the 
weight of the heavy skirt and as a result some of the fabric around the hooks has become 
threadbare, distorted, and unstable (see Figure 8).   
 
Figure 8: Waist exterior 
David O. Selznick Collection 
Harry Ransom Center 
The University of Texas at Austin 
 
While the bodice was originally folded over, different lines of stitching can be 
seen - both on the inside and on the outside - which makes it really difficult to tell what 
the waist would originally have looked like. As a result, the front end of neither panel is 
connected to the bodice (see Figure 10). 
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4.2.3 Chartreuse underskirt 
The chartreuse underskirt had a white twill tape on the bottom with encased metal 
wire running through it (see Figure 9). This gave the bottom of the underskirt an 
undulating effect which does not appear to match the shape of the skirt in stills from the 
film or scenes in which the actress is seen in the dress. 
 
Figure 9: White twill tape on bottom of chartreuse underskirt 
David O. Selznick Collection 
Harry Ransom Center 
The University of Texas at Austin 
 
The godets that are attached to the chartreuse underskirt but which are covered by 
the front panels of the green skirt are of different size and unevenly attached. For 
example, godet #1 is attached with a machine stitch with yellow/green thread (26” down), 
then machine stitched with black thread (7” down). Godet  #2 is attached to the large 
panel with a black hand stitch 2” from the top, then machine stitched to the hem with the 
yellow/green thread. Godets #2 and #3 are machine stitched together and have hand 
stitches with black thread in the seam allowance.  
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4.2.4 Waist exterior  
The skirt is irregularly gathered and shows great deterioration, especially in front. 
The PL asymmetrical panel is torn, showing part of the lining and appears to have been 
patched up with large, irregular hand stitches which do not match other hand stitching in 
length of stitch or regularity of spacing. Below this, the PR panel is bunched up and has 
been sewn on to the PL (see Figure 10). 
 
Figure 10: Damage to front center waist 
David O. Selznick Collection 
Harry Ransom Center 
The University of Texas at Austin 
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Some eyes have been (re)attached to the shell and others to the top of the skirt; 
some seem to be missing and one eye is not original (small silver metal while the original 
ones are black). As mentioned before, the number of eyes (11) does not correspond with 
the number of hooks on the bodice (14).  
4.2.5 Waist interior 
The inside of the waist presents a different set of problems than the outside. For 
example, at the right side seam (SS) is a large fold of fabric (6” around) that is not 
attached to the waist (see Figure 11). 
 
Figure 11: Loose fabric around inside of waist 
David O. Selznick Collection 
Harry Ransom Center 
The University of Texas at Austin 
 
There is another loose fold (4” around) near the CB, and one near the left SS that 
has been attached by hand with the same black thread that was used to reattach the front 
panels (see Figure 12). 
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Figure 12: Fold at inside of waist 
David O. Selznick Collection 
Harry Ransom Center 
The University of Texas at Austin 
 
The tops of the folds are frayed and there are no signs of needle holes that would indicate 
that these loose hanging parts were once attached to the waist. Since the waist is only 24” 
around and the fabric is quite bulky, it is hard to imagine that all the fabric of the skirt 
was once attached to the shell. The edges of both the shell and the skirt are ragged and it 
looks like the bottom of the shell was chopped off at one time and then reattached to the 
skirt (see Figures 11 and 12). 
4.2.6 Grosgrain ribbon around inside of waist 
The black grosgrain ribbon that goes around the interior of the waist is another 
mystery. It is twisted in many places and stitched through with both machine and hand 
stitching (see Figure 13). 
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Figure 13: Grosgrain ribbon on inside of waist 
David O. Selznick Collection 
Harry Ransom Center 
The University of Texas at Austin 
 
There are two rows of machine stitching in a green/yellow thread and there are 
large, uneven hand stitches (barely visible unless you unfold the ribbon) in black and 
green thread. In a few places there are small holes in the ribbon from wear and tear, and 
where the ends of the ribbon meet (CB) there is some fraying.  
4.2.7 Black twill tapes on inside of back skirt 
Four black twill tapes are attached to the three back panels (see Figure 14). These 
tapes do not seem to be original to the skirt because of the stitching and thread that was 
used to attach them and because they narrow the width of the skirt. Instead of a bell 
shape, the skirt has taken on an A-line which is not the case on screen, where the skirt 
shows lots of fullness in the back.  
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Figure 14: Black twill tapes on inside of back skirt 
David O. Selznick Collection 
Harry Ransom Center 
The University of Texas at Austin 
 
4.2.8 Hem 
The hem is unfinished and of irregular width (1/2” to 1”). It is mostly attached 
with a neat catch stitch which seems to have been the original stitch, but the stitching is 
broken at places and straight stitches have been used to re-attach the hem or stitches have 
not been replaced. The PL panel of the overskirt is missing a large swatch of fabric (5 ½” 
x 1”; see Figure 15), as is the chartreuse underskirt (3” x 1”). It is possible these pieces 
were taken for fabric matching purposes when a replica of the dress was made in 1986.  
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Figure 15: Hem of green skirt 
David O. Selznick Collection 
Harry Ransom Center 
The University of Texas at Austin 
 
4.2.9 Accessory   
The green and gold silk twisted drapery cord with tassels that goes around the 
waist has loose and broken fibers, and the tassels are somewhat discolored. The drapery 
cord is separate from the costume and it is unclear how it was held in place since there is 
no evidence of stitching or loops. The knot is placed towards the right side of the waist; it 
is hand stitched in the back with black thread (the same that is used to attach the cord 
around the left shoulder) to keep the knot in its shape. 
4.3 TREATMENT 
At the time this thesis was written (2012), conservation of the dress was ongoing.  
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Chapter 5: Evaluation of Color Change in Curtain Dress: Colorimeter 
and Spectrometer Testing 
 
5.1 COLORIMETER EVALUATION 
Non-destructive and non-invasive methods of studying discoloration in textiles 
are key in obtaining objective results without affecting the material integrity of the fiber, 
especially in conservation of ancient and unique textiles. This thesis studied the degree of 
discoloration of the green Curtain Dress by using two different methods of measurement: 
colorimeter measurements (objective), and the AATCC Gray Scale for Color Change 
(subjective). For the colorimeter testing the CIELAB Color System was used which 
measures luminosity (L*), red and green shades (a*) and yellow shades (b*). The test 
results showed evidence of marked color changes as indicated by a high increase in 
luminosity, a large shift from green to red and a high increase in the yellow shade, and 
that the degree of discoloration varied from place to place. 
 
 
 
 
 
 
 
What happened from the time the tours ended  
 
What exactly happened until the dress came to the Harry Ransom Center at The 
University of Texas at Austin (see Figure 17) as part of the David O. Selznick Collection 
 
Figure 16: Movie still from GWTW 
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in 1981 is not exactly clear. Over the years, however, the dress has undergone a dramatic 
color transformation since it first appeared on the screen (see Figure 16). The dress on 
screen showed a bright green because of the use of Technicolor; in reality it was a more 
muted green. The heavy discoloration on the dress is in a random pattern and shows a 
gradient of colors (see Figure 18). 
 
Figure 17: Green Curtain Dress at HRC 
 
Testing was done in order to quantify the color changes in different locations of 
the dress. With the obtained information it is possible to determine how much 
discoloration has taken place and how this could have affected the chemical composition 
of the fibers. This can help formulate a (preventive) conservation plan. Preventive 
conservation plans assist in minimizing or preventing future deterioration of objects by 
drawing up guidelines for correct storage and future exhibitions (Boersma, 2007; van der 
Burg, 2010). The research is also important from a historical, cultural and aesthetic aspect 
since the dress represents an important piece of Americana. 
David O. Selznick Collection 
Harry Ransom Center 
University of Texas at Austin 
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Figure 18:  Example of fading pattern on capelet of bodice 
David O. Selznick Collection 
Harry Ransom Center 
University of Texas at Austin 
5.1.1 EXPERIMENT 
To measure the degree of color loss two procedures were used colorimetry 
(objective method) and the use of the AATCC Gray Scale (subjective method).  
5.1.1.1 Colorimetry  
Colorimetry is a method that measures the reflective colors of surfaces. One of the 
standards for these measurements is the CIELAB Color Space. The CIELAB Color Space 
was developed in 1931 by the Commission Internationale de L’Eclairage (CIE, or 
International Commission on Illumination). It still is the most widely used system for 
artificial color evaluation and is based on so called tristimulus values: interpretations of 
what the eye sees, i.e. red, green and blue values (Nave, 2012). The CIELAB Color 
Space is represented by a chromaticity diagram with an x-axis and a y-axis where x and y 
are the chromaticity coordinates and Y is the luminance or brightness parameter 
(Minolta, 1991).  The parameters of the CIELAB Color System are known as L*, a*, and 
b* (the asterisk is used to distinguish them from the Hunter LAB Color System). The 
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CIELAB Color System is a “simplified mathematical approximation to a uniform color 
space composed of perceived color differences.” (Hill, B., Roger, Th. & Vorhagen, F.W., 
1997). These perceived color differences are based on the tristimulus values of the human 
eye, that is the three different types of color sensitive cones of the human eye which 
represent blue, green and red. In the CIELAB Color System the spectral power 
distribution (SPD) of light from an object is converted into the brightness parameter L* 
and two rectangular color coordinates, a* and b* which represent chromaticity of a color 
and are on opposite sides. The color system is represented in a chromaticity diagram with 
the diagram forming the boundary of all perceived hues (the wavelengths for spectral 
colors).The value of L* runs from L* = 0 (black) to L* = 100 (white).  L* is posited 
between a* which represents red and green where –a* is green and +a* is red, and b* 
which represents blue and yellow where –b* is blue and +b* is yellow. 
 To test the amount of color loss of the GWTW bodice and skirt, a Minolta 
Chroma Meter CR-300 was used. It has an 8mm-diameter measuring area, uses diffuse 
illumination and a 00 viewing angle (Minolta, 1991). For testing purposes, the following 
steps were taken: 
The color of the dress was visually evaluated and a gradient of four different 
colors was determined from dark to light.  
A target area was chosen: the color grade that seems to have been closest to the 
original color of the dress, for example on the inside and marked with a small flag. 
The target area was marked C1 for bodice and D1 for skirt, and used as a basis for 
comparison with the other color grades (C2, C3, C4 and D2, D3, D4) that were 
determined in step one. 
Each pre-determined spot was then measured five times (to provide a reliable 
average), in a sequence from dark to light. 
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5.1.1.2 Gray Scale for Color Change 
To investigate whether a subjective method of color evaluation would show 
similar results, The American Association of Textile Chemists and Colorists (AATCC) 
Gray Scale for Color Change was used. The scale consists of pairs of standard gray chips 
numbered 1 through 5, with the color difference of grade 5 being 0.0 ±0.2, and the 
contrast between the strips of grade 1 being the highest (AATCC, 2010). To obtain an 
objective evaluation as possible, ten volunteers were asked to rate how they perceived the 
gray strips in relation to the color strips of the bodice (C) and the skirt (D).  
 
5.1.2 RESULTS AND DISCUSSION 
5.1.2.1 Marked differences in the tested color areas were detected by the colorimeter 
5.1.2.1.1 Bodice 
Four different colors were visually classified as shown in Figure 19 from C1 to 
C4. They were distributed over the bodice including inside collar (C1), top of the right 
sleeve (C2), edge area of capelet (C3), and central folded area of capelet (C4). 
  
C1: Inside collar on back of bodice 
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C2: Top of right sleeve 
  
C3:  Edge area of capelet 
  
C4: Central folded area of  capelet 
Figure 19:  Four different color areas on bodice 
David O. Selznick Collection 
Harry Ransom Center 
University of Texas at Austin 
 
By using the CR-300 Chroma Meter, color measurements in the CIELAB color 
space were obtained for the bodice (see data listed in Table 1). From this data it can be 
determined that there is an increase in luminosity (L*), a shift from green to red (a*) and 
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an increase in yellow (b*). The average under L* shows an increase from dark gray (0 = 
black) to a lighter gray: 24.51 to 35.19. The average under a* shows a shift from green 
(negative value) to red (positive value): -4.37 – 6.12. The average under b* shows an 
increase from yellow (positive value) to a brighter yellow: 15.58 to 28.98. 
 
Table 1:  Statistics of colorimeter results of bodice 
  C1 C2 C3 C4 
L* AVERAGE 24.51 25.07 30.52 35.19 STDEV 1.22 0.87 0.84 0.12 
a* AVERAGE -4.37 2.34 -1.09 6.12 STDEV 0.30 0.20 0.62 0.75 
b* AVERAGE 15.48 18.72 21.93 28.98 STDEV 0.80 0.39 0.82 0.84 
  
Table 2 gives a more complete picture by setting a target color (C1) and 
comparing the other measurements (C2, C3, C4) against it. This gives us a precise 
overview of the distances between each measurement point to determine the degree of 
discoloration. The degree of luminosity (ΔL*) was 11-fold from C2 to C3, but only two-
fold from C3 to C4, which indicates a large increase at the beginning that slows down 
with the last measurement. Δa* showed a very large shift from green to red while Δb* 
shows an almost geometric increase in the yellow area. These results confirm the gradient 
of discoloration that was visually determined at the beginning of the experiment (see 
Figure 19). 
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Table 2: Color difference analysis based on target color C1 
 C2-C1 (C2-C1)/C1 C3-C1 (C3-C1)/C1 C4-C1 (C4-C1)/C1 
ΔL* 0.56 2.28% 6.01 24.52% 10.68 43.57% 
Δa* 6.71 -153.55% 3.28 17.18% 10.49 67.76% 
Δb* 3.24 20.93% 6.45 41.67% 13.50 87.21% 
ΔE 7.47  9.41  13.5  
 
Measurements from C2, C3, and C4 were compared to target color C1 and 
converted to percentages. The bottom row in Table 2 showed the absolute color 
difference ΔE L*a*b*, where: 
 
The value of ΔE L*a*b* tried to assign equal value to the three aspects of the 
sample, and it always reflected the total difference between two colors. As shown in 
Table 2, it increased from C1 to C4 gradually, and C4 was almost twice as much as C2. 
5.1.2.1.2 Skirt 
Similarly, four different colors were visually classified in the skirt as shown in 
Figure 20 (D1 to D4). They were distributed over the skirt including the inside facing of 
the left panel of the skirt,  the top of the right panel of the skirt, the bottom of the right 
panel of the skirt near the hem, and the bottom of the left panel of the skirt near the hem. 
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D1: Inside facing of left panel of skirt 
  
D2:Top of right panel skirt 
  
D3:Bottom of right panel skirt near hem 
  
D4: Bottom of left panel of skirt near hem 
Figure 20: Four different color areas on skirt 
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Table 3 shows the average changes in color measurements for the skirt, without 
comparison to target color D1. From this data it can be determined that there is an 
increase in luminosity (L*) except from D3 to D4 where L* decreases slightly, a shift 
from green to red (a*) and an increase in yellow (b*). The average under L* shows a shift 
from dark gray (0 = black) to a lighter gray: 20.66 to 25.96. The average under a* shows 
a shift from green (negative value) to red (positive value):    -7.20 to 2.00. The average 
under b* shows a shift from yellow (positive value) to a brighter yellow: 11.20 to 19.02. 
 
Table 3: Statistics of colorimeter results of skirt 
  D1 D2 D3 D4 
L* AVERAGE 20.66 21.38 26.03 25.96 
STDEV 0.56 0.64 0.59 0.47 
a* AVERAGE -7.20 -6.95 -1.09 2.00 
STDEV 0.32 0.28 0.24 0.22 
b* AVERAGE 11.20 11.90 17.87 19.02 
STDEV 0.45 0.34 0.35 0.40 
 
Table 4 shows the color measurements of D2, D3, and D4 compared to D1. The 
resulting percentages show the exact distance between measurements points i.e. the 
degree of discoloration. The degree of luminosity (ΔL*) is almost 6 times as high from 
D2 to D3, but does not change at all between measurements D3 and D4. Δa* shows a 
very large increase from green to red while Δb* increases 10-fold and then by only 10% 
in the yellow area. As with the bodice, these results confirm the visual determination of 
the discoloration gradation. The absolute color difference ΔE L*a*b* of the colors in the 
 54 
skirt as shown in the bottom row reflects an irregular increase, in which D3 and D4 are 
almost 11 and 13 times higher than D2 respectively.   
 
Table 4: Color difference analysis based on target color D1 
 D2-D1 (D2-D1)/D1 D3-D1 (D3-D1)/D1 D4-D1 (D4-D1)/D1 
ΔL* 0.73 4% 5.38 26% 5.31 26% 
Δa* 0.25 -3% 6.11 -85% 9.20 -128% 
Δb* 0.69 6% 6.67 60% 7.81 70% 
ΔE 1.03  10.52  13.18  
 
The results expressed in the tables above were also visualized in 3D scatter plots. 
The left (see Figure 21a) shows the distribution of the clusters of each point that was 
measured (C1 through C4 and D1 through D4), which are arranged in a 3D scatter plot so 
that the degree of color loss from the target colors in relation to other measurements can 
be observed visually. The five points of each measurement for the bodice (C1 – C4) are 
represented by solid symbols, while the five points for each measurement for the skirt 
(D1 – D4) are represented by symbols with colored outlines.  
Since this representation does not give absolute distances between the 
measurements in relation to the target colors, a 3D scatter plot (see Figure 21b) was 
added to show the ΔL*a*b* for both the bodice and the skirt, where the solid lines 
represent the bodice and the dotted lines represent the skirt.  
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a b 
Figure 21: 3D scatter plot of L*a*b* points of C1-C4 and D1-D4 
5.1.2.2 Subjective evaluation: use of Gray Scale for Color Change 
To visually evaluate the color changes of the bodice and the skirt, strips were cut 
from high-quality pictures of the points measured (see zoom-in pictures above: C1 
through C4 in Figure 18 and D1 through D4 in Figure 19) and compared against the gray 
scale. Each evaluation was done with target colors C1 and D1 and a subsequent color 
(C1-C2; C1-C3; C1-C4 for the bodice and D1-D2; D1-D3; D1-D4 for the skirt). Ten 
volunteers were asked to evaluate the strips and the results were registered and averaged 
(see Table 5 and Figure 22). 
 
 
 
 
L* = Luminosity 
+a* = red, -a* = green 
+b* = yellow, -b* = blue 
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Table 5: Gray Scale for Color Change 
 V1 V2 V3 V4 V5 V6 V7 V8 V9 V10 AVERAGE 
C1 5 5 5 5 5 5 5 5 5 5 5.0 
C2 3 2 3 3 2 2 2-3 4 3 3 2.8 
C3 2-3 1-2 2 1-2 1 1-2 1 2-3 1 2 1.7 
C4 1-2 1 1 1 1-2 1 1 2 2 2-3 1.5 
            
D1 5 5 5 5 5 5 5 5 5 5 5.0 
D2 3 3-4 3-4 2 3 3 2-3 3-4 2 3 2.9 
D3 2 2 2 2-3 2 2 1 2-3 1 3 2.0 
D4 1 1-2 1-2 1-2 1-2 1 1 2 1 2 1.5 
 
Figure 22: Example of comparisons of pictures of points measured against Gray Scale: (C1-C2) 
After obtaining the averages for each measurement (C1-C4 and D1-D4), the 
averages were converted into Colorfastness Grades using the Gray Scale of Color Change 
chart and a corresponding Total Color Difference (in CIELAB Units) was given (see 
Table 6). From this table it can be observed that for the bodice there is twice the amount 
of Total Color Difference from C2 to C4 and no Total Color Difference between C3 and 
C, the Total Color Difference for the skirt from D2 to D4 is also twice the amount, while 
the difference between D2 and D3 is two CIELAB Units Total Color Difference. 
 
C1-target color 
C2-measured color 
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Table 6: Color difference values in CIE L*a*b* 
Colorfastness Grade 
Total Color Difference 
(CIELAB Units) 
Tolerance for Working Standards 
(CIELAB Units) 
C1 = 5.0 0.0 ± 0.3 
 
C2 = 2.8 4.8 ± 0.5 
 
C3 = 1.7 9.6 ± 0.7 
C4 = 1.5 9.6 ± 0.7 
 
 
D1 = 5.0 0.0 ± 0.3 
 
D2 = 2.9 4.8 ± 0.5 
 
D3 = 2.0 6.8 ± 0.6 
 
D4 = 1.5 9.6 ± 0.7 
 
 
5.1.2.3 Comparison of objective and subjective methods of measurement: 
Colorimeter vs. Gray Scale 
For the bodice, ΔE shows a gradual increase (7.47 – 9.41 – 13.5) in discoloration 
with C4 almost twice as high as C2. The Gray Scale results also show an increase in 
discoloration (4.8 - 9.6 – 9.6). Although the subjective evaluation shows no difference 
between measurements C3 and C4, the absolute distance from C2 to C4 doubles.  
The colorimeter results for the skirt are more irregular: ΔE = 1.03 - 10.52 - 13.18, 
with an increase of almost 13 times from C2 to C3 after which the degree of discoloration 
evens out. The results of the Gray Scale also show an increase in total color difference 
but not nearly as pronounced as the results of the colorimeter. 
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Table 7: Comparison of total color difference between colorimeter results and Gray Scale 
results 
Measurement Point Colorimeter results (CIELAB Color System) 
Gray Scale results 
(CIELAB Units) 
C2 
 
7.47 
 
4.8 
 C3 
 
9.41 6.8 
 C4 
 
13.50 
 
9.6 
   
D2 
 
1.03 
 
4.8 
 D3 10.52 
 
6.8 
 D4 13.18 9.6 
 
These comparisons are visually represented in the graph below (see Figure 23). 
From these comparisons it can be concluded that there is a correlation between the results 
of the objective evaluation (colorimeter) and the subjective evaluation (Gray Scale). 
 
Figure 23: Comparison of total color difference in Gray Scale and colorimetry 
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5.1.3 CONCLUSIONS 
The goal was to quantify the change of color the curtain dress in different areas of 
the bodice and the skirt. To accomplish this, two different methods were used: 
colorimetry (objective) and Gray Scale (subjective). The points measured were chosen 
through visual evaluation of a gradient of four colors from dark to light. The first color 
was set as the target color. The following conclusions were drawn: 
The color changes that were measured were relative to the placement of the 
measuring points on the dress. 
1. Visual observation and pictures taken of the area at and near the measurement 
points show that there is a substantial color change in the dress. These changes were 
confirmed and quantified with the use of a colorimeter (objective evaluation). There was 
an upward trend in the discoloration for both the bodice and the skirt. 
2. The AATCC Gray Scale was the subjective method used for quantifying color 
change. Although the Total Color Difference between measured points is expressed in 
CIELAB Units, the method relies on visual observation which has its limitations since 
every human perceives color differently. This method is not as accurate as colorimeter 
testing. Even so, in this case the results of the Gray Scale test also showed an upward 
trend in the discoloration for both the bodice and the skirt. 
3. The colorimeter method is a well-suited method to measure and quantify color 
change. Results can be quickly obtained and interpreted, and the equipment can be used 
with little training. These results can easily be compared with the results of the Gray 
Scale test when expressed in a graph (see Figure 23). The Gray Scale results, however, 
are not as precise as those of the colorimeter and should be used for comparison.  
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5.2 SPECTROMETER EVALUATION 
When the dress arrived at the Harry Ransom Center at the University of Texas at 
Austin in 1981 part of its original green color had turned to different shades of orange 
and yellow, most likely because of exposure to light, dry cleaning, and incorrect storage. 
Some reactions, such as oxidation and hydroformylation, occur with chemical 
degradation. With oxidation the hydroxyl or alcohol groups turn into aldehyde, ketone, or 
carboxyl groups when oxygen is present which eventually causes the glucose ring to 
break (Boersma et al., 2007). Hydroformylation is a chemical process “where one mole 
each of hydrogen (H) and carbon monoxide (CO) are simultaneously added across a 
carbon–carbon double bond of alkene to produce linear and branched aldehydes having 
one more carbon atom than the original compound”  (Oulu University, 2003). This 
process leads to the yellowing of fabrics.  
These molecular and chemical changes affect fiber integrity: polymer chains start 
breaking down (the degree of polymerization (DP) gets lower), the fiber’s rigidity 
increases and becomes brittle which when severe may lead to disintegration (Brooks & 
Eastop, 2011). Brittleness of fibers is easily observed by touching the fabric. In this case, 
however, the discolored parts felt the same as the parts that were not discolored. To 
determine whether the integrity of the discolored fibers was affected and if so, to what 
extent, graduate students of the Textiles and Apparel Division at the University of Texas 
at Austin were asked for assistance.  
Because the dress could not be moved and the testing had to be non-invasive and 
non-destructive, it was decided to do on-site testing with Near Infrared (NIR) 
spectrometry. 
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5.2.1 DESCRIPTION 
NIR (Near Infrared) spectrometry is a technique that has been used for many 
years in various industries, such as pharmaceuticals, agriculture and textiles (Rodgers & 
Beck, 2009). It was refined for analytical testing around the 1960s, after which it started 
being used for commercial purposes (Workman, 2005). NIR spectrometry determines the 
molecular structure of materials by measuring the infrared radiation that is part of the 
electromagnetic spectrum (Brown, 2012). The spectrometer transmits a beam through a 
sample which  is partially absorbed by the particles and then gives the sample 
information (Northwestern University, 2010).  Because Near Infrared wavelengths lie 
between visible and infrared wavelengths (IR), NIR spectrometry records overlapping 
absorption bands (Brenchley, Hoerchner, & Kalivas, 1997). These absorption bands are 
“attributed to overtones of CH, NH, and OH stretches and combinations of the stretches 
and angle deformations.”  (Adar, 2011).  
According to Rodgers et al., NIR spectrometry is “very good at monitoring 
changes in most physical properties” (Rodgers, Montalvo, Davidonis, & VonHoven, 
2010), which makes it a perfect choice to measure changes in the fiber structure of the 
curtain dress. 
5.2.2 EXPERIMENT 
 The NIR-analyzer used was the Brimrose Luminar 5030. It has an acousto-optic 
tunable filter (AOTF) to measure the diffuse reflectance (R) of a sample. The information 
obtained was processed through the Snap32! NIR Spectrum Analytical Software 
package®.  
A visual inspection of the bodice and skirt was done to determine which locations 
to test based on the degree of discoloration. The base color was the darkest green and 
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from there lighter shades of green were chosen. This was done for both the bodice and 
the skirt.  
Each was assigned a letter (D for dress, C for cape/bodice), followed by a numeric 
code to indicate location and measurement. Each location was measured five times at a 
height of 50 mm (this was the closest distance possible to avoid leaving imprints on the 
velveteen).  
For example, the first measurement on the first location of the dress was market 
D.1.1., etc. Before measurement a picture was taken to record the location of the spot. 
The curves for each location (D.1.1 through D.1.5; D.2.1 through D.2.5, etc.) were 
merged and averaged, after which the results were exported to Excel. These results were 
put into Origin Lab© for analysis. 
 
5.2.3 ANALYSIS AND DISCUSSIONS 
5.2.3.1 NIR measured results 
Figure 24(a) and (b) shows the NIR (wavelength ran from 1200 to 2200nm) 
measured results of the Curtain Dress for the bodice (24a) and the skirt (24b). The 
spectrum showed the characteristic peak of cellulose only which is the main component 
or chemical group of cotton fiber. 
For the bodice, close spectrum curves in the 1200-1250nm wavelength region 
were observed, and the spectrum curves of the four measured spots (D1-D4) showed the 
same trend. Also, broad peaks were observed which were centered at 1340nm 
corresponding with -CH and -CH2 from the second overtone region. Another clearly 
defined peak around 1660nm is due to –CH2 from the first overtone region. From 1890 to 
2200nm the spectra run close together with little space in between. NIR spectra are 
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assigned in Table 8 based as a reference. The sequence of the measured spots from high 
transmission to low is as follows: C3 (blue), C4 (green), C1 (black) and C2 (red), which 
showed that the spots varied from different measured spots, but kept the same trend. 
 
(a)                                                                               (b) 
Figure 24: Test results bodice and skirt in four different color spots 
For the skirt, the wavelength also runs from 1200 to 2200nm. The curve sequence 
of the measured points is the same, just like with the bodice. From 1200 to about 1275nm 
the spectrum curves of four measured spots were close together after which they started 
slowly separating. Again there was a clear response around 1340nm (corresponding to 
the chemical groups –CH and –CH2) as was the case with the jacket.  From about 
1370nm on measurements D2 (red) and D3 (blue) ran close together as did D1 (black) 
and D4 (green), the latter at a lower transmission. From 1890 to 2200nm the spectrum 
curves run even closer, almost touching each other. The sequence of the spectra from 
high transmittance to low is D2 (red), D3 (blue), D1 (black), and D4 (green). 
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5.2.3.2 Analysis of assignments of major NIR absorption bands for cotton  
Cotton contains about 95% cellulose with the rest made up of waxes, pectins, 
proteins, organic acids, sugars and other impurities. As cotton’s chemical structure shows 
in Figure 25, it mainly includes the following chemical groups and molecules: -H, -CH, -
CH2, -OH, C-C, C-O-C and adsorbed H2O. 
 
 
Figure 25: Cotton’s chemical structure 
NIR spectra are dominated by overtone and combination bands of C-H, O-H and 
N-H functionalities, whereas the corresponding overtones of the most intense MIR 
fundamental absorptions (from polar groups like C-O, C=O etc.) are rarely represented. 
In the wavelength between 1200nm and 2200nm, the chemical groups and molecule 
relating to cotton are -CH, -CH2, -OH, -C-C and H2O. 
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Figure 26: Near Infrared Band Assignment Table (Bruker.com) 
 
(a)                                                            (b) 
Figure 27: Spectra of 4 spots in bodice and skirt from GWTW in A-E regions 
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Region Wavelength (nm) Molecule Vibration 
A 
 
1200-1210 -CH2 
2nd overtone 
1200-1240 -CH 
1370-1440 -CH2 
1400-1450 -OH 
H2O 
1430-1450 -CH 
B 
1450-1460 -CH combination 
1450-1480 -OH 
1660-1750 -CH2 1st overtone 
1690-1770 -CH 
C 1850-1910 H2O 1st overtone 
D 2050-2100 -OH combination 
E 2150-2200 -C-C- combination 
2170-2200 H2O 
Table 8: Assignments of major NIR absorption bands for cotton 
 
From Figures 26 and 27, and Table 8, we can conclude the following: 
 
-CH (Methene), -CH2  (Methylene) 
Methylene together with methene is the main functional group in polysaccharide 
chains, with the general formula (C6H10O5)n (typically n ≥ 10).These two chemical 
group are also the main ones that reflect the differences between the spectra of the 
measurements. 
-OH (Hydroxy)  
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Hydroxy is the main functional group for absorbing moisture in polysaccharide. 
In the NIR spectrum the hydroxy is identified around 1450nm and 2100nm. As shown in 
Figure 24 (a) and (b) the curve segments in these regions are close. 
 
5.2.3.3 Relationship analysis on the chemical reaction of main groups and spectrum 
change  
In order to analyze whether there is a chemical degradation of the fibers of the 
curtain dress, testing was done using NIR-spectrometry. Spectrometry is known for its 
ability to measure changes in fiber structures with accurate results. The equipment used 
was the Brimrose Luminar 5030 and the results were processed through the Snap32! NIR 
Spectrum Analytical Software package ®.  
Four predetermined locations on both the bodice and the skirt were measured five 
times and the results were averaged. (These were the same locations used for the 
colorimetry testing). The test results were measured against an NIR Band Assignment 
Table to determine which wavelengths the peaks and values of the curves corresponded 
to. After this the wavelengths were divided into five regions (see Figure 27) and chemical 
group frequencies were assigned to their vibrational regions according to the NIR Band 
Assignment Table (See Table 8).  
The curve sequences for the bodice (C1-C4) are the same, as are the curve 
sequences for the skirt (D1-D4). High transmittance  - as represented on the y-axis – 
indicates a breakdown in chemical groups  and damage of the fibers (high transmittance = 
high absorption = less reflectance). 
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5.2.4 CONCLUSION 
The sequence of the spectra for both the bodice and the jacket show the same 
trend (see Figures 24 and 27). By studying the spectra of the measured spots on the 
bodice and on the jacket it can be concluded that there is a definite deterioration of the 
fabric. Each spot has the same chemical reaction, but the make-up of each region’s 
chemical group is different. Analyzing these chemical groups might give an insight into 
what changes could have taken place through chemical processes such as dry cleaning. 
The hydroformylation of the dress - which can be observed by looking at the dress and 
was confirmed by colorimetry testing - leads us to believe that oxidation has taken place 
which has resulted in fiber disintegration. 
Unfortunately, the extent of deterioration cannot be quantified at present and 
needs further testing. The information obtained will possibly assist in preparing a 
preventive conservation plan for the dress that will let the dress survive for as long as 
possible. 
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Summary 
The goal of this project was to assist in the creation of a conservation plan for the 
Curtain Dress using expertise from different fields: humanities (HRC), conservation 
(Cara Varnell), and science (graduate students from the Textiles and Apparel Division at 
the University of Texas at Austin). This proved to be a fruitful cooperation and much 
information was obtained to assist in drawing up such a plan. 
The project began in 2010 when $30,000 was raised to prepare the Curtain Dress 
and four other of Scarlett’s dresses (the wedding dress, the blue velvet peignoir, the ball 
gown, and the dressing gown) for an exhibition in 2014 for the 75th anniversary of the 
film GWTW. Since the Curtain Dress was in fragile condition when it arrived at the HRC 
and little was known about its provenance and current state, a plan was developed to 
study the dress in detail in order to start conservation and testing.  
 
1. TIMELINE 
During Hollywood’s Golden Age (1930-1959) many costumes were repurposed, 
thrown away, or given away (George, 1986; Landis, 2007). Luckily this was not the case 
with the Curtain Dress. How it survived, however, has not been established at this point. 
After researching various sources about the book, the film, and the designer of the 
Curtain Dress (see references), documents from the DOS Collection at the HRC were 
examined referencing the dress. With the help of these documents a timeline could be 
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established. This timeline was useful to give insight into what might have happened to 
the dress after filming was over and how this could have affected its present condition, 
but was by no means complete. 
The exhibit of the dress for publicity purposes (“exploitation” tours) left its 
marks. The dress was sent to various cities across the US and overseas from 1939 to 
1941. These cities included Atlanta, NY, and LA, and some smaller cities but which ones 
is not known at this time. Selznick was worried about the abuse the Curtain Dress and 
other costumes had to endure during these tours, mainly due to careless handling and the 
dry cleaning which had to be done each time the dress was returned to the studios 
according to California State Law. 
The dress arrived at the HRC in 1981 as part of the DOS Collection in fragile 
condition. Based on the information obtained from the timeline of the dress and literature 
review of research and conservation of textiles, possible causes of damage were 
considered. 
2. POSSIBLE CAUSES OF DAMAGE TO DRESS 
The factors mentioned below may have contributed to the deterioration of the 
Curtain Dress. Either one could have led to color loss and/or fiber deterioration. 
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2.1 Improper storage – Packing in crates, transportation by air, train, and truck. 
2.2 Oxidation - A chemical reaction that shortens the cellulose polymer chain which can 
lead to discoloration and weakening of the fibers. 
2.3 Exposure to light - UV and IR radiation together with visible light trigger 
photochemical reactions that speed up the process of oxidation. 
2.4 Excessive handling - Caused by touring and frequent transportation. 
2.5 Dry cleaning - solvents and mechanical action involved would lead to a fiber break 
down. 
2.6 Spraying with Sudol - Why, where, and when it was sprayed is still unknown. The 
effect the spraying must has had is also unknown. 
3. CONSERVATION 
Another issue that had to be investigated was the role of conservation in 
preserving the dress. Proper terminology was determined through literature review, and 
the history of conservation was studied. This was followed up by a short exploration of 
different non-invasive and non-destructive scientific techniques, in particular optical and 
digital microscopy, scanning electron microscopy (SEM), X-radiography, colorimetry, 
and spectroscopy (NIR and FT-IR).  
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4. CONSTRUCTION 
The in-depth analysis of the construction of the dress, and the damage done over 
the years assisted the conservator in preparing a conservation plan. The following 
treatment was done: 
1. Stabilizing the ends of the sleeve plackets and removing previous repairs 
2. Realigning the boning at the bottom of the bodice and repairing the hem 
3. Re-enforcing the tears/holes at the bottom of the bodice close to the waist 
4. Stabilizing parts of the waist 
5. Removal of the four black twill tapes on the inside of the back of the skirt (the 
twill tapes were left hanging in the center to preserve evidence of previous 
changes) 
6. Removal of the white, undulating tape at the bottom of the chartreuse underskirt 
7. Stabilizing hem of the skirt 
8. Steaming of tassels and drapery cord 
9. Surface cleaning of dress 
5. EVALUATION OF COLOR CHANGE IN CURTAIN DRESS 
Non-destructive and non-invasive techniques were used to quantify the color 
change of the dress, and to try and determine whether there was any fiber disintegration. 
For the color testing a technique called colorimetry (objective) was used, together with 
the Gray Scale (subjective). To test for fiber integrity a technique called spectrometry 
was used. 
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5.1 Colorimetry  
Two techniques were used to try and quantify the color change: colorimetry and 
the AATCC Gray Scale. Colorimeter results showed marked difference in the tested color 
areas, with large shifts from green to red and a high increase in yellow. 
The AATCC Gray Scale also showed an upward trend in discoloration but since it 
relies on human vision, it was not considered as accurate as the colorimetry results. 
5.2 Spectroscopy 
The NIR-spectroscopy technique that was used to try and determine whether there 
was a chemical breakdown of the fibers showed incomplete results. Even though it was 
determined that molecular and chemical groups of the fiber had changed, the changes 
could not be quantified and the cause of the breakdown is not yet known. It is therefore 
suggested that study of the NIR-results be continued. 
In conclusion, the preparation for the Curtain Dress serves as a good example of 
collaborative research and how to combine modern analytical techniques with traditional 
methods. 
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Appendix: Pattern pieces of Curtain Dress4 
  
                                                 
4 Courtesy Briana Villarreal 
Collar 
 Stand 
Side front 
Front Back 
Side back 
 
Side 
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Underskirt 
Upper sleeve 
Under sleeve  Capelet left sleeve 
Godets 
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Front Bodice Shell 
Side Front Bodice Shell 
Back Bodice Shell 
Side Back Bodice Shell 
 77 
 
  
Front right skirt 
 
Front left skirt 
 
Middle back 
ki t 
Back skirt Back skirt 
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